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AUTOMATED  SYSTEMS  FOR  PLANNING  AND  MANAGEMENT  IN  TRANSPORT  ATinN 


DEMANDS  ON  A DATA  TRANSMISSION  SYSTEM 


Graduate  Engineer  Emit  Einer  ( KDT) 


Doctor  of  Engineering  Wolfgang  Kranz  (KDT) 


Central  Transportation  Research  Institute  of  the  GDP 


Data  transmission,  to  be  understood  here  in  the  sense  of  data 
teletransmission,  becomes  necessary  with  the  use  of  dati 
te le processing  and  the  direct  communication  between  computers  which 
as  a hierarchy  within  the  automated  system  of  planning  anl  management 
(ASL)  have  different,  but  interconnected,  problems  to  solve.  These 
forms  of  data  processing  will  acquire  increasing  importance  for 
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transporta*  ion.  Cor ven t iona 1 telex  networks  which  can  be  used  tor 
da*a  transmission  (partially  with  supplementary  oquio  ii^nt)  are  onlv 
conditionally  suited  especially  for  data  processing  systems  with  a 
real-time  character  and  for  computer  hierarchies.  Therefore  in  *im< 
special  networks  were  created  for  individual  da  *a  - pnc»ssi  ng  systems 
(DP-systems)  and  computer  connection  systems.  For  a prospective 
solution,  for  economic,  technical  and  technological  r°isons,  only  a 
uniform  data  transmission  system  for  transportation  of  ‘he  GO? 
(subsequently  called  DT-system)  is  under  consideration.  The  hoc-'  inq 
of  all  demands  which  are  made  on  D^-systems,  especially  bv  the  e.ST. 

[11  require  in  such  a DT-system  the  use  of  new  terhnical  equipment  on 
the  basis  of  computer  technology.  The  PT-system  unites  *he  terminal 

devices  and  the  transmission  equipment  of  all  DP-systems  and  takes 
into  account  the  integration  of  existing  networks  or  their  component 

parts . 


The  following  discourse  describes  the  significant  influencing 
factors,  the  fundamntal  principles  of  design  as  well  as  the  most 
important  tpchnical  and  technological  requirements  from  a theoretic,,! 
viewpoint  for  constructing  such  a DT-system. 

1.  FD  N D A1 ENT  A L DESIGN  PPTNCIPLFS  0*  THF  DT-SYSTF1 

1.1.  Scope  and  Structure  of  the  System 
FTD-ID(RS)I-l476-76 
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A prospective  DT-syst»m  for  transportation  encompasses  data 
terminals  and  data  transmission  networks  including  matching  equipment 
of  th»  process  comnuters  for  all  transportation  data  teleprocessing 
systems  (DTP-systems)  . rt  can  be  subdivided  into  the  areas  of 
terminal  equipment  and  data  transmission  network. 

The  terminal  equipment  includes  the  data  terminals  as  well  as 
the  matchinq  equip""'' ment  tor  the  network  and  process  computer.  The 
data  transmission  network  includes  transmission  and  relay  equipment. 
The  area  of  data  acquisition  is  inteqrated  into  the  DT-system  only  to 
the  extent  that  it  is  technically  realised  in  the  data  *-erminals. 

Thus  all  electrically  (interrupted)  FTr.  note:  meaninq  of  German  word 
"abgesetzt"  is  unclear  from  context  and  available  sources]  for  data 
acquisit ion  devices  do  not  belonq  to  the  DT-system.  for  process 
computer  introduction  all  transmission  systems  are  inteqrated  which 

for  their  data  input  and  output  use  conventional  data  acquisition 
technology  or  which  are  necessary  for  a connection  to  superior 
computers  (quide  computers). 

Technologically  the  delimitation  for  the  DT-system  is  given  by 
the  determination  that  only  the  offices,  enterprises  and 

organ  i7at  ions  of  transportation  can  heroine  the  users  of  such  a 
FTD- 1 D ( RS ) I - 1 4 7 6-7  6 
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system.  Therefore  the  pro o*  of  the  economic  value  or  the 
technological  nee!  of  electrical  data  transmission  is  of  primary 
importance  for  utilization  (DTP-data  teleprocessing). 

1.2.  Principle  of  Operation  of  the  System 

The  use  of  a uniform  DT-system  through  several  DP-systems  with 
various  unequal  conditions,  taking  in*-o  account  economic  and 
techn oi ogica  1 viewpoints,  leads  to  the  suggestion  to  use  tho 
principle  of  comma n ica t ion  relay  in  the  relay  equipment  of  the 
system.  In  the  case  of  the  so-called  line  relay,  as  it  is  presently 
used  in  relay  equipment,  a direct  connection  is  made  between  the 
transmitting  and  receiving  terminal  using  special  information  which 
in  principle  is  independent  from  the  actual  commun  ica*- ion  (activation 
of  the  dial  switch).  In  the  ca so  of  the  principle  of  Co mmu n i ca t i on 
relay  the  "route  information"  is  a direct  component  of  the 
commun icat ion  in  the  commun ication  heading.  The  communication  is 
relayed  with  this  information  from  one  relaying  facility  to  another 

and  in  each  case  th«  favorable  diroction  (if  there  are  several 
possibilities)  at  this  point  in  time  and  the  sequence  corresponding 
to  varying  priorities  are  determined  taking  into  account  engaged 
conditions  and  broken-down  facilities. 


For  hardware  and  programming  reasons  it  is  expedient  to  divide 
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longer  commur icati ons  into  individual  "packets"  of  equal  length  and 
to  transmit  th«m  in  sequence.  Intermediate  storaqe  is  characterise ic 
for  this  form  (so-called  "packet  switching”). 

For  the  conditions  of  transportation  of  the  GDP  it  can  he 
estimated  that  the  majority  of  DP-systems  which  are  likely  *o  come 

into  use  make  the  following  technical  and  t ec  hnol  og  ica  1 demands  which 
can  only  be  satisfied  with  the  help  of  communication  relaying: 

- speed-,  code-  and  format  conversion, 

- priority  selection, 

- intermediate  storage  of  communications, 

- check  and  control  tasks, 

- control  of  terminals  by  relaying  facilities, 

- control  of  satellite  processors  by  guide  computers, 

- real i?at ion  of  direct  access  to  data  banks  of  various  processing 
computers  from  any  data  terminals. 
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1.3  Network  Design 

Tr.  determining  the  network  design  the  following  significant, 
factors  are  to  be  taken  into  account: 

- size  of  the  territory, 

- topography  of  *he  data  flow,  i.e.,  the  location  of  the  data 
terminals  as  well  as  that  of  the  EPP-i  nst  a 1 la  t.  ions  and  the  orocess 
cojipu  ters, 

- the  quantity  of  data  to  be  transmitted, 

- the  time  distribution  of  the  data  accu  mu  lat  i on , 

- time  restrictions  of  the  communications, 

- structure  of  the  DP-systeni, 

- required  transmission  speeds, 

- cost  minimum  for  the  transmission  and  relaying  facilities. 

Or  the  basis  of  international  trends  [2]  [31  and  in  accordance 
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with  ’•he  conditions  of  transportation  of  the  GD°  the  use  of  two 
levels  of  relaying  facilities  seems  optimum  (Fig.). 

The  lower  level  encompasses  relaying  facilities,  so-called 

concent rators,  to  which  terminal  devices  ( t o be  understood  here  in 
the  broader  sense,  since  small  computers  and  process  computers  can 
also  be  connected)  can  be  connected  in  a radial  pattern  or  through 
multi-party  lines.  They  concentrate  the  data  flew  from  the  terminal 
devices  into  a few  connections  with  higher  transmission  speed  and 
distribute  it  in  the  opposite  direction. 

The  upper  level  encompasses  the  sc-called  relav  switching 
centers.  The  number  of  relay  switching  centers  depends  on  th° 
information  flow  to  be  processed  and  the  reaii7able  commun ica’ ion 
channels.  While  the  concentrators,  in  principle,  are  connec*ed  to  the 
relay  switching  centers  in  a radial  pattern,  in  most  cases  a mixed 
network  form  (meshed  and  radial  systems)  turns  cut  to  he  exnedier4’ 
for  the  connection  of  the  relay  switching  centers  to  each  other.  The 
connection  of  the  processing  computer  is  possible  as  follows: 

- central  and  regional  FPP  installations  with  a large  lata  flow 
directly  to  the  r^lay  switching  centers  (typical  computer  coupling  or 
wide-band  transmission  channels). 
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- central  RHP  installations  with  small  data  flow,  through 

1 ow- f requency  transmission  channels  to  the  relay  switching  r?nt°rs, 

- regional  FOP  installations  with  small  data  flow,  through 

low-f  rf  guency  transmission  charnels  to  the  relay  switching  centers  or 
the  concentrators, 

- regional  commuters  which,  with  their  terminal  devices,  can  he 
considered  as  subsystems,  through  concentrators  to  the  DT-sys’-oir. 

2.  IMPORTANT  TFCHNICAI.  RFQO IPEM  FKTS 

2.1.  Relaying  Fquipment 

2.1.1.  General  Requirements 

The  following  fundamental  demands  are  to  he  made: 

- the  use  of  the  principle  of  communication  relaving  with  the 
target  information  in  the  communication  heading, 

- consideration  of  several  priority  classes  for  the 
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- the  realization  of  extremely  short  connection  in  1 1 i sconrt  ect  i on 

times. 


- the  use  of  route  control  (automatic  selection  of  t},n  most 
favorable  transmission  link), 

- the  use  of  st  anda  r d ize d code, 

- the  use  of  special  services  such  as  checking  routine  printout, 
statistics,  collective  communication,  addition  of  dates  and  time, 

- remote  control  including  program  loading  of  *:he  concent  ra  tors 
through  the  relay  switching  centers, 

- protection  of  the  information  to  be  transmitted  from  losses 
during  damage, 

- automatic  switching  to  alternate  connection  during  disturbances 
2.1.2.  Limitation  of  the  Working  Pange 

The  * wo  intended  types  of  relaying  stations  have  different  task 


in  the  system. 
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Scope  of  t ho  Concentrator 

- The  connection  of  the  terminal  devices  throuqh  a network  of 
subscriber  branch  1 ines, 

- the  further  carrying  of  information  to  *■  he  relay  switching 
centers  through  connecting  lines, 

- control  of  the  terminal  devices  to  the  extent  necessary  for 
dialogue,  terminal  device-concentrator, 

- control  of  data  * ransmission  +o  branch  lines  to  the  eyfen*- 
it  is  not  realize!  by  isolated  guided  error  protection  equipment 

- control  of  lata  acquisition  at  the  terminal  devices  to  th-> 
extent  that  it  is  not  already  carried  cu*  in  the  terminal  device 

- collaboration  in  the  dialoyue,  concentrator  - storage  rolnv 

- intermediate  storage  of  information  in  both  transmission 
directions  for  the  purpose  of  control,  speed  conversion,  code 
conversion  and  format  conversion. 


t he 


t h a t 


working  out  (if  necessary)  of  special  functions  sueh  as 
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subscriber  identification,  priority  handling,  etc. 

Scope  of  the  helay  Switching  Center 

- connection  of  the  concentrators  through  a network  of  connecting 
1 i nes , 


- connection  of  the  individual  relay  switching  centers  with  each 
ether  through  a network  of  connecting  lines, 

- conection  of  a ED P installation  through  special  connecting 
lines , 

- checking  the  mode  of  operation  of  the  concentrators  and 
regeneration  of  the  service  routire  following  disturbances, 

- control  of  the  dialogue,  relay  switching  center  - relav 
switching  center, 

- intermediate  storage  of  information  for  the  purpose  of  handling 
the  communications  (direction  selection,  etc.), 

- control  of  the  acceptance/transmission  of  information  to  the  FDP 
installation  (for  this  case  eventually  also  speed  conversion). 
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- control  ot  data  transmission  on  the  connecting  lin«s  to  *-ho 
extend  that  it  is  not  realized  by  isolated  guided  error  protection. 

2.1.3.  Speed  Conversion 

tr.  the  uniform  data  transmission  system  two  soeed  conversions 
are  to  be  differentiated: 

- speed  conversion  of  the  1st  type  is  realized  in  the 
concentrator;  converts  the  various  speeds  of  the  terminal  devices 
into  a uniform  transmission  speed  on  the  connecting  lines, 

- speed  conversion  of  the  2nd  type  is  realized  in  the  relay 
switching  center  only  for  the  case  of  transnission/acceota nee  of 
information  from/to  ED P installations  either  with  higher  speeds, 
typical  for  transmission  (^48  kbit/s)  or  typical  for  computers 
(bit-parallel)  within  buildings. 

2.1.4.  Reliability  and  Availability 

The  e.rror  rate  of  the  relay  stations,  considered  as  part  of  the 
transmission  path,  should  have  a value  of  P < 10~^ . The  reliability 


DOC 


1476 


PAGE  13 


of  the  relay  stations  as  network  nodes  must  be  greater,  the  higher 
the  relay  station  is  in  the  network  hierarchy. 

The  required  availability  can  necessitate  a doublinq  of  the 
concentrators  (hot  reserve),  a hiqh  availability  is  to  be  achieved 
throuqh  components  and  installation  parts  with  hiqh  reliability  and 
freedom  from  maintenance.  These  properties  are  to  be  supported 
throuqh  the  use  of  checkinq  and  er r or- 1 imi t inq  programs  from  the  sid 
of  the  relay  switchinq  centers  as  well  as  through  automatic 
disconnection  of  disturbed  installation  parts  accompanied  by  remote 
signaling  to  the  relay  switching  centers. 

2.2.  TRANSMISSION  ECGT  PMFN'r 

2.2.1.  Types  of  Connecting  Lines 

The  future  DT-system  encompasses  the  fol lowing  three  tvnes  of 
connecting  lines,  whereby  the  demands  to  be  made  of  the  individual 
types  (range,  method  of  transmission,  operating  procedure, 
transmission  rate,  freedom  from  error  of  the  transmission  section, 
etc.)  can  be  differentiated: 

- subscriber  connecting  lines  as  a connecting  path  beyween 


terminal  and  concentrator 
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- connecting  lines  between  concentrator  and  relay  switching 
centers  as  well  as  for  connecting  relay  switching  centers  with  each 
other  (main  network)  and 

- connecting  lines  between  relay  switching  centers  and  process 
computers,  which  are  designated  as  computer  connecting  lines. 

The  demands  made  of  the  subscriber  connecting  lin°s  for  the  most 
part  are  directly  dependent  on  the  requirements  of  the  special 
terminal  equipment. 

The  last  two  types  of  correcting  lines  must  meet  t-lo  demands  of 
all  data  processing  systems  which  use  the  network. 

2.2.2.  Requirements 

The  following  fundamental  requirements  are  to  be  satisfied  by 
all  three  types  of  connecting  lines: 

- the  use  of  similar,  standardized  interfaces  at  the  network 


nodes , 
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- the  possibility  of  code- i ndependent  transmission. 


- realization  of  low  inherent  distortion  (attenuation  and  transit 
time  distortions). 


In  addition  for  individual  types  there  are  fundamental  special 
requ i remen  ts : 

- for  the  subscriber  Connect inq  lines:  different  speeds  between  50 
bit/s  and  1200  bit/s  as  well  as  different  err  cr-protecti  or.  procedures 
correspond inq  to  the  particular  technological  and  technical 

cond  i t.  ions  , 

- for  connecting  lines  ir.  the  main  network:  a uniform  speei  in  the 
low-frequency  transmission  band  (max.  9500  lit/s)  and  a uniform 
error-protection  procedure  on  the  basis  of  cyclical  coding, 

- for  computer  conppcf inq  lines:  in  addition  to  transmission  in 
the  low-frequency  band,  also  t r a nr.  m i ss  i on  in  wideband  channels  (o.q., 
48  or  54  kbit/s)  and  computer  coupling. 

2.3.  TFRNINAL  EQUIPMENT 


2.3.1.  Scope 


nor 


14  76 


°A(;e  if 


The  scope  of  the  lata  terminals  encompasses  the  input  of  data 
into  the  DT-system  and  its  cut  put  in  the  opposite  direction  as  well 
as,  if  necessary,  ♦he  oroductior.  of  data  carriers  or  the  preparation 
of  a cemmu n ic it  ion  for  sending,  the  possibility  of  correction  for 
data  icguistion  and  transmission  and  the  possibility  of  dialogue  with 
the  processing  computers.  One  differentiates  data  terminals  for 

conve rst i or  a 1 mode  and  for  hatch  processing.  From  the  standpoint  of 
the  r-runking  scheme  a division  can  be  made  into  trunk  signalling 
operation  and  calling  operation. 

2.1.2.  Fundamental  nemands  »lade  of  Da*a  Terminals 

- cod e- independ e nee , 

- realization  of  a transmission  speed, 

- calling  operation, 

- unengaged  operation. 


use  and  production  of  various  data  carriers 
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- correction  of  acquired  data, 

- possibility  of  report inq  and  evaluation  of  fault  reports, 

- low  error  rate,  low-noise  operation  and  low- maintenance  desiqn 
2.3.3.  Design  of  the  Data  Terminal 

Through  the  different  requirements  of  various  AST,  *-bere  result 
a wide  spectrum  of  possible  designs  of  data  terminals,  with  the 
relatively  small  quantities  to  be  expected  per  user  it  is  not 
economically  feasible  with  the  high  development  costs  *■  o develop,  an 
individual  data  terminal  for  every  special  application.  Rather,  ar 
attempt  should  be  made  to  design  an  appropriate  assortment  of 
components  which  can  be  combined  into  various  data  terminals  bv  the 
addition  of  a few  specific  components.  The  advantages  of  uniform 
equipment  (operation  and  maintenance)  and  the  manufacture  of  large 
quantities  outweigh  the  savings  in  the  case  of  specially  adapted 
solut ions. 

A data  terminal,  from  this  viewpoint,  can  be  divided  into  the 
functional  groups  of  input/output  devices,  control  unit  and  data 
transmission  equipment. 
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For  realizing  the  unit,  constr  uct  i cn  principle  th“  establishment 
of  uniform  interfaces  between  the  functional  groups  is  necessary 
(this  has  already  happened  through  international  accords  for  the 
interface,  control  unit  - DT-equipment) . 

The  following  are  to  be  provided  as  input  and/or  output  devices: 

- punch  tape  devices, 

- punch  card  devices, 

- magnetic  tape  devices, 

- displays, 

- keyboards, 

- printers, 

- automatic  readers  (also  automatic  vehicle  identification)  , 

- automatic  account  inn  machines. 

The  control  unit  likewise  encompasses  several  component  groups; 
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the  most  important  are  control  panel,  fiming  center,  ser ies- pa  ra  1 1 el 
converter,  intermed iate  storage  and  operational  control. 

The  functional  group,  "data  transmission  equipment"  contains,  as 
the  most  significant  component,  a signal  converter  which  converts  the 
data  existing  as  direct-current  signals  into  a form  capable  of  being 
transmitted.  Most  frequently  so-called  modems  are  used  for  this  whir1' 

convert  the  data  into  audio-frequency  signals  so  that  they  can  he 
transmitted  over  any  distance. 

2.4.  SPFCIAL  PEQ9IREMENTS  F FOM  THE  STANDPOINT  OF  THE  ASL 

In  accordance  with  the  stated  goal  AS!,  arf  being  constructed  in 
transportation  in  individual  branches  and  enterprises.  The  following 

are  *0  be  considered  significant  for  data  tra ns  miss  ion: 

- realization  of  data  exchange  between  the  processing  and  process 
computers  of  different  or  equal  levels  on  the  basis  of  formalized 
dialoque, 

- realization  of  a conversational  mode,  human  - machine,  whereby 
it  is  to  be  ensured  that  the  terminal  device  can  communicate  with 
various  processing  computers. 
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- takpovpr  of  the  processinq  Casks  cf  a broker-down  roipuk  jr  by  a 
neighboring  computet  through  a cor  respond  in q automatic  furthei 
transmission  of  the  information. 

Because  of  the  various  *ypes  0f  ehe  computers  necessa  Ly  for 
processing  and  their  temporally  staggered  use,  the  ♦■ransmi  ssion 

system  permits  universal  communica* ion  throuqh  fh»  use  of  uni*orm 

procedures  ard  technical  interface  conditions. 

3.  QUESTIONS  CONCERNING  REALIZATION 

The  construction  of  a uniform  TT-system  for  *■  r ans  port  a *■  i on  of 
the  GDP  is  an  extensive,  complicated  ard  costly  task  which  must  to 
undertaken  in  unison  with  the  staqes  of  development  and  realization 
of  Af>L  in  transportation.  In  general  it  is  estimated  that  in  la*-a 
t e le procpssi nq  systems  the  costs  for  the  terminal  devices  and 
transmission  equipment  will  far  outweiqh  the  costs  for  the  ED» 
installations.  Therefore  the  PT-system  can  cn 1 y be  realized  in 
staqes.  This  demand  must  also  te  met  by  the  employed  technique. 

With  the  offering  of  a large  number  of  ESFP  subscriber  poir*s 
the  first  step  has  already  been  made  in  the  area  of  terminal 
technology.  Here  it  is  a question  of  expanding  the  pale**e  of  inpu* 
and  output  devices,  but  at  the  same  time  of  promoting 
standardizat  ion , ^specially  of  control  units,  in  order  to  be  ible  *o 
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use  uniform  nroced u res . Tn  the  area  of  relay  technology  it  seems 
possihle  to  use  small  computers  or  process  computers  as  concentrator 
with  appropriate  equipment.  For  the  realization  of  relay  switching 
centers  only  ED P installations  with  special  operating  systems  are 
under  consideration. 
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Fig.  Fundamental  Switching  Scheme  ( (K  F Y : 1)  Computer  coupling  ‘•o 

additional  relay  switching  centers;  2)  Central  processing  commCnr; 
1)  Level  of  the  relay  switching  centers;  4)  Regional  processing 
computer;  S)  Level  of  the  concentrators;  h)  Local  processing 
computer;  7)  Process  computer;  #)  Data  terminals;  9)  Subsystem;  ID) 
Froce  ss. ) ) 
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